In this issue, we are reminded of the diverse range of indoor environments that are very different in type, function and location, and yet all aim to provide protection for occupants from the outside environment and as far as possible maintain internal conditions appropriate for their health and well being. These environments range from naturally ventilated homes polluted by use of biomass fuels to those created and maintained by advanced technology in spacecraft.
While public transport via space travel may become a reality in the coming decades, currently air travel takes place in the lower and upper atmosphere and is a regular activity both for leisure and work. During 2014, commercial airlines transported 3.3 billion passengers (plus 50 million metric tons of cargo) by means of a global fleet of over 25,000 aircraft undertaking 99,700 flights per day. 1 Within Europe, the air traffic control network handles 27,000 flights and 2.27 million passengers per day, 2 and this is expected to grow annually, for example, the aviation traffic in Europe is predicted to reach 14.4 million flights in 2035 (50% more than in 2012). 3 Commercial transport aeroplanes operate in an external environment that is hostile to human life. Ambient conditions outside the aircraft include very cold temperatures (À43 C to À65 C), very dry air, too low a level of partial pressure of oxygen to sustain life, periodic episodes of high ozone, pockets of air turbulence and levels of cosmic radiation approximately 100 times higher at typical cruise altitudes than it is at ground level. The environment inside the aircraft cabin must be healthy, safe and comfortable for passengers and crew within the constraints of aeroplane design and function. The aircraft's environmental control system (ECS) regulates these conditions, and when at high altitude, the cabin is pressurised to an altitude equivalent to between 6000 and 8000 feet (i.e. $1800 to $2400 m) above sea level. The humidity of the cabin air tends to be low compared with other public indoor spaces and occupants experience continuous noise, vibration and accelerations. 4 Aircraft passenger cabins provide the smallest available volumes per person of any enclosed public spaces. Particular health concerns associated with health travel include those that have been associated with air quality, infection, radiation, pressure (including deep vein thrombosis), ergonomics, noise and vibration. [4] [5] [6] [7] With respect to air quality experienced by the traveller, air pollution within and around airports is an issue gaining increasing prominence with respect to the impact on the health and well being of both workers and passengers as well as those living nearby. There are various sources of air pollution in an airport which include ground vehicular traffic, ground service equipment, maintenance work, heating facilities, fugitive vapours from refuelling operations, kitchens and restaurants (for passengers and operators), intermodal transportation systems and road traffic (e.g. passenger cars, buses, taxis and goods vehicles). 8, 9 The pollutants of concern involved with aircraft emissions include particulate matter (PM), nitrogen and sulphur oxides (NO x , SO x ), carbon dioxide (CO 2 ), carbon monoxide (CO), volatile organic compounds (VOCs), and ozone (O 3 ). Exceedance of ambient air quality regulations because of emissions associated with airport activities is a factor determining expansion of existing and the siting of new airports. 10 Passengers and crew will be exposed to these pollutants on arrival, waiting and boarding aircraft. Once on board and in flight, passengers and crew are within a very airtight structure with full mechanically controlled ventilation, and contaminants present outside will be drawn into the cabin as components of the air supply. Measurements of air quality in cabins of aircraft preparing for take-off and taxiing following landing have been shown to have elevated levels of pollutants associated with fuel combustion, such as ultrafine particulates, compared with concentrations measured during flight when the intake air is not polluted by these components.
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Indoor Air Quality Consulting (IAQ) Limited, St Albans, UK As well as any contaminants in the air drawn into the cabin, the passengers and crew of aircraft will be exposed to any contaminants released into the cabin and any that arise during the sourcing and conditioning of the supply air. Except for light aircraft operating below 10,000 to 12,000 feet ($3000 to $3600 m), regional and long haul aircraft that dominate passenger transport have pressurised cabins. The aircraft's environmental conditioning system (ECS) obtains air from the engine, the auxiliary power unit and the outside and distributes it at an appropriate temperature and humidity to the cockpit and passenger cabin. In most commercial passenger aircraft, the air for the cockpit and passenger cabin is 'bled' off from the intermediate or high pressure stages of the aircraft engines where it is very hot and passed through heat exchangers and refrigeration systems. A notable exception is the Boeing 787 which has a separate electric powered air supply system. In most aircraft, the ECS recirculates up to half of the cabin air which is filtered to remove contaminants such as dust and microorganisms. 6 The adequacy of cabin air quality for the protection of health and well being of aircraft passengers and crew is an ongoing international issue for operators, regulators and scientists. There have been major national and international studies of air quality in aircraft which are challenging to undertake because of the technical and sometimes political constraints of conducting measurements without compromising safe aircraft operation. The wide range of possible contaminants of interest, a lack of appropriate standardised measurement methods and the absence of air quality standards or guidelines defining acceptable concentrations combine to leave open questions about health risks. Reviews of current knowledge and uncertainties include those by the Committee on Toxicity, 12 Wolkoff et al., 13 de Ree et al. 14 and Harrison and Mackenzie Ross. 15 While the focus of public concern for aviation naturally centres on threats such as terrorism and risks of mechanical failure, the issue of aircraft cabin air quality has received increasing attention from European Aviation Safety Agency (EASA) including the commissioning of research to investigate aircraft cabin air quality. A call for tenders for research in 2014 stated that the quality of the air that passengers and air crews are exposed to on board commercial transport aeroplanes has been the basis of a continuing debate over the last 60 years, both from the health and safety points of view. 16 Furthermore, it referred to the need to consider both single cabin/cockpit air contamination (CAC) events (e.g. events which result in a potential short-term peak of cabin air contamination) and the cabin air composition in normal operating conditions. CAC events are linked to a variety of sources including ingress of contaminated outdoor air (e.g. fuel and de-icing fluid on the ground) and release from sources internal to the aircraft (e.g. from cargo, overheating electronics). Events have also been linked to engine or APU oil contamination, whereby under certain fault conditions (e.g. engine or APU oil seal or bearing failure, engine or APU maintenance error/irregularities, or design deficiency) engine or APU oil, and the corresponding pyrolysis products, may contaminate the bleed air. EASA refer to persons who believe that they have been affected by health issues either following a specific CAC event, or after exposure to a repeated low level of contaminants, and identify a need for further research to investigate health aspects involving a large-scale project, including an in-flight measurement campaign, to be undertaken following a preparatory project. 17 It is to be expected that the outcome of the on-going and proposed EU funded work together with recent studies in the USA 18 and other countries 19, 20 will inform the development of appropriate procedures and standards for minimising risks to health due to aircraft cabin air contaminants, including occurrence of CAC events. Previous EU funded studies CabinAir, HEACE, ICE, and FACE, as outlined by HOL, 5 investigated health and comfort aspects of air travel and informed development of a European prestandard concerning air quality in aircraft, prEn 4618 (Aircraft internal air quality standards, criteria, and determination methods) which was published in September 2004. The pre-standard was prepared by AECMA-STAN (renamed as ASD-STAN), a CEN (European Committee for Standardisation) associated body which produces standards for aviation and became a full EN standard in 2009. The EN was prepared to specify requirements and determination methods for newly certificated commercial aircraft programmes. It set limits (relating to safety, health, and comfort requirements) for a range of substances in cabin air during aircraft operation (from crew embarking to disembarking) including CO 2 , CO, O 3 , PM and some VOCs. It also recognised the possible occurrence of other contaminants and sources such as tricresyl phosphate from oil lubricants and hydraulics for which requirements were not set. These requirements address a wider range of contaminants than those required by US regulations (Federal Aviation Regulations) that require monitoring of O 3 , CO and CO 2 . 21 The EN standard was withdrawn by CEN decision in 2013 and subsequently published as an ASD-STAN Technical Report in 2014.
A new work item was set up by CEN and the first meeting of a new Technical Committee (CEN TC 436 -Cabin Air Quality on civil aircraft -Chemical Agents) was held in early 2015. The scope of the committee is to develop a European Standard or a set of standards dealing with the quality of air on commercial aircraft concerning chemical agents such as bleedair, ECS, processed air and cabin air. The proposed new standard should benefit from the considerable research undertaken since EN 4618 was published in 2009. A further initiative is the revision of SAE aerospace information report AIR4766/2 22 that provides information on aircraft cabin air quality, including airborne contaminant gases, vapours and aerosols. Also, while not specifically addressing aircraft cabin air, the range of international (ISO) standards concerning measurement of indoor air quality continues to expand. These were summarised by Yu and Crump in 2011 23 and in 2016, the number of standards published under the ISO 16000 series has reached 34 (plus 5 in the ISO 12219 series concerning interior air of road vehicles) and aspects of those, for example, addressing determination of VOCs, carbonyls, flame retardants and particulates, as well as standards under development relating to phthalates and PM 2.5 particulates, have relevance to cabin air. Establishing appropriate methods and levels of target contaminants will be an important step in adequately addressing concerns in the future about the impact of air quality on the health and well being of air travellers and crew in this important built indoor environment.
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